Charmonia, bound states of charm and anti-charm quarks, represent an interesting probe for the study of Quantum Chromodynamics (QCD) since their production involves both hard and soft energy scales. Several effective models are available to describe the production of charmonia, but so far none have been able to describe all experimental observables simultaneously. ALICE has studied the production of charmonia in different collision systems at all available LHC energies at both mid-and forward-rapidity down to zero transverse momentum. In this contribution, different measurements performed in proton-proton (pp) collisions are presented, namely p T -differential cross sections of inclusive J/ψ and ψ(2S), inclusive J/ψ polarization measurements and the latest results on correlations between inclusive J/ψ and unidentified charged hadrons. The results are also compared to model predictions.
Introduction
The production mechanisms of charmonia operate at the boundary of the perturbative and non-perturbative regimes of QCD. The initial charm pair is produced in hard scattering processes where a perturbative description applies. The evolution into a bound state is a non-perturbative process, which can only be described using effective models such as the Color Singlet Model (CSM) [1] , the Color Evaporation Model (CEM) [2] or Non-Relativistic QCD (NRQCD) [3] . Although charmonia have been studied extensively, their production mechanism is still not fully understood. Measurements in pp collisions at the highest LHC energies can provide further constraints for prompt charmonium production models, contributing to a deeper understanding of the corresponding production processes.
In collider experiments, charmonia are typically separated into two groups according to their origin. Prompt charmonia are produced directly in the initial collision or, e.g. in case of the J/ψ, via feed down decays of heavier states such as the ψ(2S) or χ c . Non-prompt charmonia originate in the weak decay of B hadrons and thus exhibit a production vertex that is displaced from the collision vertex. Inclusive charmonia refer to all charmonia without distinction of their production process.
ALICE has measured the production of inclusive charmonia in pp collisions at all available LHC energies. We present a summary of the most recent results on charmonium production and compare them to model predictions.
Charmonium measurements with ALICE
ALICE is the dedicated heavy ion experiment at the LHC. A detailed description of the AL-ICE detector can be found in reference [6] . Charmonia are reconstructed in two different rapidity regions: the decay into di-electrons is reconstructed at mid-rapidity (|y| < 0.9) in the central barrel and the decay into di-muons is reconstructed at forward-rapidity (2.5 < |y| < 4) in the muon spectrometer. The central barrel detectors relevant for charmonium measurements are the Inner Tracking System (ITS) and the Time Projection Chamber (TPC), with the latter being used for tracking and particle identification. The muon spectrometer is screened by an absorber of ten interaction lengths and tracks muons in five multiwire proportional chambers. Two layers of resistive plate chambers in the muon spectrometer provide triggering for single-or di-muon events. Additionally, the two V0 scintillator arrays, situated at −3.7 < η < −1.7 and 2.8 < η < 5.1, are used for triggering.
Charmonium candidates are reconstructed from their di-lepton decay channels. Oppositely charged tracks reconstructed in the central barrel (TPC+ITS) or the muon spectrometer are combined into pairs and the charmonium signal is extracted from the invariant mass distribution of the pairs. In the central barrel, electron tracks are identified using their specific energy loss in the TPC while the tracks reconstructed in the muon spectrometers are identified as muons.
Results
Inclusive J/ψ and ψ(2S) cross section ALICE has measured the inclusive J/ψ and ψ(2S) cross sections in pp collisions at forward-rapidity at different center-of-mass energies [7] . Results at √ s = 13 TeV are presented in figure 1 . The cross section measurements are compared to an adhoc model of the inclusive cross section, which represents the sum of the prompt and non-prompt contributions. Hereby, the prompt cross section is described by a NRQCD [8] (NRQCD coupled with Color Glass Condensate (CGC) [9] ) model at high (low) p T . The non-prompt cross section is described by FONLL [10] . A fair agreement between the model predictions and the data is observed for both J/ψ and ψ(2S).
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ALI-PREL-107960 figure 2 for both frames. The measurement is in agreement with no polarization for inclusive J/ψ, and lies between the CSM [11] and NRQCD [11, 12] model predictions. However, it should be noted that the polarization of inclusive J/ψ is compared to model predictions for prompt J/ψ.
Inclusive J/ψ-hadron correlations A preliminary result on the correlation between inclusive J/ψ and unidentified charged hadrons measured at mid-rapidity in pp collisions at √ s = 13 TeV is shown in the right panel of figure 2 . The correlation is expressed in terms of a raw per-trigger yield as a function of the angular distance ∆ϕ, which is not yet corrected for the detector efficiency. A near-side peak can be observed while the away-side peak is diluted, partly due to a sharp cut on the distance in pseudorapidity (|∆η| < 0.2). The data is compared to PYTHIA 8 [13] , where contributions from prompt and non-prompt J/ψ are shown separately in addition to the distribution for inclusive J/ψ. The comparison suggests that the near-side correlation is mainly driven by the non-prompt contribution, i.e. either by additional decay products in the vicinity of the J/ψ or by fragments from the hadronization of the initial b quarks.
Summary
We have shown the most recent results on the production cross sections of inclusive J/ψ and J/ψ polarization has been presented, which provides new constraints on the model predictions for prompt J/ψ. Additionally, a preliminary result on the correlation between inclusive J/ψ and unidentified charged hadrons was shown and compared to PYTHIA 8. The available models show difficulties in describing all experimental observables simultaneously. An expansion of the correlation measurement to prompt J/ψ in the future might help to constrain model predictions further.
